Fax  enis  par  : 


F-LUC«S 


m~>M  IJl/M4/yb  13:44  Fg:  Z 


UNMIiSlIEOEIIENNES  1 


T^.  Irtt. ;  33  99.28.62.60 
fox  W.:  33  99.28.16.00 


Lahotatoire  des  Yerres  of  Cifmmitfyes 


Gampys  da  Beaulieu '  350ii2  RENNES  CEOEX 
FRANCE 

Pnilsfseifr  Joequet  LUCAS 


% 


CBM'&ENATJOMAl 
DEU  RECHERCHE 
^rNTJFIOUE 


ossoclfe  1496 


from  :  University  of  RENNES 

Laboratdire  des  Verres  et  Ccramiques 
Campus  de  Bewlieu 
Rennes  35042  France 


TO:  Depaitmentof  the  Air  Force 

Dr  OSAMA  BLB AYOMMl,  checf  Scientist 
BOARD 

223  old  M^ylebone  road,  Londmi  NW  J  STH 


Contratn'SPC- 95-4015 


FINAL  REPORT 


Title :  Non-Linear  Optical  Properties  of  TeX-Pcrived  Glasses 


190  91106661 


Form  Approved  0MB  No.  0704-0188 


REPORT  DOCUMENTATION  PAGE 

Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  Including  the  time  for  reviewing  instructions,  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this 
collection  of  information,  including  suggestions  for  reducing  this  burden  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson 


Davis  Highway,  SuKe  1204,  Ar1lngton,'VA  22202-4302,  and'to  the  Office  of  Management  and  Bud) 

get.  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503. 

1.  AGENCY  USE  ONLY  (Leave  blank) 

2.  REPORT  DATE 

1996 

3.  REPORT  TYPE  AND  DATES  COVERED 

Final  Report 

4.  TITLE  AND  SUBTITLE 

Nonlinear  Optical  Properties  of  Tex-Derived  Glasses 

5.  FUNDING  NUMBERS 

F6170895W0175 

6.  AUTHOR(S) 

Prof  Jacques  Lucas 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

University  of  Rennes 

Campus  de  Beaulieu 

35042  Rennes  Cedex 

France 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

N/A 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

EOARD 

PSC  802  BOX  14 

FPO  09499-0200 

10.  SPONSORING/MONITORING 

AGENCY  REPORT  NUMBER 

SPC  95-4015 

11.  SUPPLEMENTARY  NOTES 


12b.  DISTRIBUTION  CODE 
A 


13.  ABSTRACT  (Maximum  200  words) 


12a.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  is  unlimited. 


This  report  results  from  a  contract  tasking  University  of  Rennes  as  follows:  The  main  target  of  this  study  was  to  prepare  several  new 
compositions  of  infra-red  glasses,  to  characterize  them  with  respect  to  their  stability  versus  crystallization  and  thermal  behavior.  These  new 
glasses  prepared  in  a  bulk  disk  shapes  have  then  been  investigated  by  optical  measurements  in  the  region  of  the  band  gap  absorption. 


14.  SUBJECT  TERMS 


15.  NUMBER  OF  PAGES 


EOARD 


25 

16.  PRICE  CODE 
N/A 


17.  SECURITY  CLASSIFICATION 
OF  REPORT 


18.  SECURITY  CLASSIFICATION 
OF  THIS  PAGE 


19.  SECURITY  CLASSIFICATION 
OF  ABSTRACT 


20.  LIMITATION  OF  ABSTRACT 


UL 


Standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std.  239-18 
298-102 


UNCLASSIFIED 
NSN  7540-01-280-5500 


UNCLASSIFIED 


UNCLASSIFIED 


P-LUCflS 


Fax  enis  par  :  Vif/aUbm 


m/l«/yb  13:44  Fj:  3 


FINALREPORT 

Contrat  :  SPECIAL  PROJECT  SPC-95-401S 

Between ;  The  University  of  RENNES 

Latoratoke  des  Venes  el  C^ramiqucs 
Campus  de  Beanlieu 
35042  RENNES,  France 
Responsible :  Professor  J  acques  Lucas 

And  :  The  departemeril  of  the  Air  Force 

European  office  of  Aerospace  Research  and  Development 
223  old  Marylebone  road ,  London  NW 1 STH 
Dr  O.  BLBAYOUMI ,  Cbeef  Chemistry 

Title  of  the  proposal :  Non-Uiicar  Optical  Propcirties  of  TeX-Derivod  Glasses 

Started  dale  May  1 995 


INTRODUCTION 


This  research  proposal  was  the  result  of  discussions  and  cooperations  initialed  long  lime  ago  bet¬ 
ween  two  complementary  laboratories :  1)  the  Uboraloire  des  Verres  et  Ccramiques  at  the  University  of 
Rennes  headed  by  Professor  Jacques  Lucas  and  2)  the  Laboratory  of  Professor  Joseph  H.  Simmons  at  the 
Advanced  Material  Research  Ctmter ;  University  of  Florida ,  Gairtesvillc ,  PL  3261 1  USA. 

The  fii'st  group  is  specialized  in  fl»e  development  and  characterization  of  new  IR  glasses  ,  the  se¬ 
cond  laboratory  has  a  recognized  expertise  in  the  investigation  of  the  non  linear  properties  of  glasses. 
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OBJECTIVE 

Tlie  TcX  glasses  oorresporad  to  the  acronym  covering  a  lai^e  family  of  IR  glasses  based  mi  the  com- 
blnaiion  of  Tellurium  Te ,  X=  Bromine  or  Iodine ,  Selenium ,  Arsenic  or  Oermaninm.  They  are  characte¬ 
rized  by  a  large  transparency  domain  covering  the  two  atmospheric  IR  windows  3-5  uni  and  8-12  jJin. 
Due  to  a  great  flexibility  in  the  chemical  composition  the  objective  was  to  control  the  variation  of  Uie 
band  gtqp  absorption  and  to  adjust  it  in  a  rather  large  donain  lying  from  K  s=  1.5  eV  to  E  =  0.6  eV.  The 
low  band  gap  promises  the  highest  Kerr  effect  seen  in  any  glass  according  to  the  theory  of  Sheik-Bahae 
and  Van  Stryland. 

The  main  target  of  Oils  study  was  to  prepare  several  new  compositions  of  infra-red  glasses,  to  cha¬ 
racterize  them  with  respect  to  jtheir  stability  versus  crystallization  and  thermal  behaviour.  These  new 
glasses  pie]jared  in  a  bulk  disk  ^apes  have  then  been  invesilgatied  by  optical  mcasmements  in  the  region 
of  the  band  gap  absorption. 

THE  GLASSES 

The  Laboratorre  dcs  Vones  et  Cdiainiques  has  a  long  experience  in  infra-red  glasses  preparation 
and  characterization.  Specially  the  glasses  derived  frenn  the  origina]  binary  Tellurium  -  Halogen  Cf^X) 
systems  have  been  (^timized  in  order  to  control  the  glass  transition  temperature  Tg  and  the  resistance  to¬ 
wards  crystallization  and  water  corrosion.  Some  totaly  new  chalcogcntdes  compositions  have  been  also 
invcKlfgaled  as  long  as  they  wme  leading  to  glasses  with  new  interesting  position  of  the  band  gap. 

The  nraiii  feature  common  to  all  tliese  glasses  is  associated  with  the  presence  in  their  structure  of 
chalcogen  atoms  exhibiting  lone  pair  electronic  density.  These  lone  pairs  are  responsible  of  the  high  po- 
larisibilt^  of  the  atoms  and  consequently  of  the  potential  high  non  linear  propcrlics. 

Glass  selection 

Two  families  of  glasses  have  been  selected  for  this  study.  The  first  one  belongs  to  the  GoSe-Sb 
system  and  tire  second  one,  to  tias  TeX  glass  system. 

The  preparatimi  of  all  the  glasses  was  the  same.  The  raw  materials  are  separately  parifted  In  order 
to  obtain  pui%  glasses  as  shown  in  ligure  1  and  2.  Tedlurium  was  plunged  in  a  mixture  of  IlBri^r2  to  eli¬ 
minate  the  oxides  impurities.  Selenium  and  arsenic  were  respectively  heated  at  2S0'^C  and  350^*0  under 
evacnalton  to  eliminate  surface  oxide  impurities.  Then,  the  piurilied  compounds  are  sealed  in  a  deshydra- 
ted  silica  ampoule  under  vacuum  .  The  ampoule  is  heated  in  a  txteking  tirmace  at  tiOO’Y!!  for  several 
hours. 
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Figui%  ]  { Apparatus  for  prep^ing  the 
TfiJf  glasses  contaming  iodine 


Figure  2i  Apparatus  for  preparing  the 
TeX  glasses  containing  bromine 


The  ampoule  k  then  beated  in  a  rocking  furnace  at  600“C  for  several  hours.  To  obtain  the  ewe 
the  ampoule  was  held  vertically  while  cooling  to  room  temperature  as  shown  in  figure  3. 
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Figure  3s  Method  for  TeX  glass  bulk 
preparation 


The  glass  iransiiitm  Ceihp^atuie,  Tg,  measuiements  are  important  to  detenninc  if  glasses  could 
withstand  tlie  service  teniperature  requirement  for  a  particular  a^lication, 

-  The  glass  1  has  the  following  composition  Gc2Sc9g,  The  Tg  equals  to  146"C, 

-  The  glass  2  has  the  following  composition  Geg^Scgo  and  its  Tg  equals  to  5(yC.  It  is  relatively 
low  because  of  the  important  quantify  of  Sc. 

-  The  glass  3  has  the  following  composition  OejgSe7oSb  j2  and  the  Tg  equals  to  206*C, 

-  The  glass  4  has  the  following  conqmsition  tilcgQSegQSbiQ  and  a  Tg  of 292“C. 

This  family  has  been  investigated  because  of  high  Tg. 

-  The  glass  5  has  the  following  composition  Te2Se5Br3  and  a  Tg  of  84®C  wich  is  relatively  low  be- 
cause  of  the  presence  of  an  halogen.  This  glass  is  characterized  by  a  1-D  spa^Ui  structure  and  transpa¬ 
rent  in  IR  from  1  to  20  pm. 

-  The  glass  6  has  the  following  composition  Tc2Sc3^5A84lo_5  and  a  Tg  «  130*C.  Arsenio  allows  to 
increase  the  dimensionality  of  the.  glass  and  also  the  Tg,  This  glass  has  been  selected  because  of  its  abili¬ 
ty  to  be  Iransfomaed  into  IR  optical  fibers.  In  this  special  optical  configuration,  witli  a  core-clad  guiding 
structure,  high  optical  confinment  is  possible  and  efficient  non  linear  properties  can  be  achieved. 
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*  The  glass  7  has  Ihc  following  coraposidon  Te2Se3Afsi4Brj^  and  a  Tg  of  133*C.  This  glass  is  inlcr- 
esfed  because  of  (he  Joige  IR  opUcal  window  of  fibers  in  (he?  -  lOjJim  range. 

The  TeX  fomily  is  very  inl^sted  because  of  ils  high  resistance  against  coitosion  and  crystalliza¬ 
tion,  and  also  ils  high  facility  to  realise  IR  optical  fibers. 

OpUcal  itroperties  of  passes 

The  TeX  glasses  have  low  phonon  energy,  making  this  family  of  glasses  transparent  &om  I  to  20 
microns.  The  other  family  based  on  the  Oe-Sc-Sb  system  has  been  investigated  because  of  its  lower  band 
ga|}  energies. 

At  the  University  of  Rennes,  each  glass  was  analysed  by  IR  transmission  and  the  band  gap  energy 
Xg  was  calculated  for  an  absorption  cocftlcieni «  -  10  csm‘?.  At  the  University  of  Florida,  Absorbance 
measures  have  been  realized  on  the  same  samples,  and  die  band  gap  cn^gics  Xg  have  been  calculated. 
You  will  find  each  transmissioii  and  absrubance  spectrum  in  the  annexe. 

The  refraction  indice  was  measured  for  some  TeX  glasses  and  we  have  estimated  anoth»  one. 

-  The  glass  1,  Gc'^Se^g,  has  a  Jtg  »  0,704  pm.  ITie  transparency  of  this  glass  goes  from  1  to  17  pm. 
An  estimation  of  the  refractive  Index  gives  us  n  =  2.4. 

-  Ihe  glass  2,  Ge2QSog0,  has  a  Xg  “  0,738  pm.  The  transparency  of  this  glass  goes  from  1  to  20 
pm. 

-  The  glass  3,  GBjgSe7oSbj2  ha*  n  =  0,740  pm.  The  transparency  of  this  glass  goes  from  1  to  17 

pm- 

-  The  glass  4 ,  GejoScgo^^’lO  ftm.  The  transparency  of  this  glas  goes  from  1  to  17 

pm. 

-  The  glass  5,  Te2Sc5Br3,  has  a  Xg  =  1 .020  pm.  The  measured  refractive  intlex  n  =  2.67.  The  IR  op¬ 
tical  window  goes  from  1  to  20' pin. 

-  TTie  glass  6.Te2Se3,sAs4lQ  5,  has  a  Ag  =  1.193  pin.  The  esUmated  refractive  index  n  =  2.82.  The. 
transpaiency  of  this  glass  goes  from  1  to  1 8  pm. 

-  The  glass  7,  Te2Se3As4Brj,  has  a  Xg  =  1.248  pm.  The  measured  refractive  mdex  n  =  2.87.  The 
transparency  of  diis  glass  goes  frem  1  to  18  pm. 

These  new  chalcogenides  glasses  resist  devitrification  and  water  corrosion.  Potential  applications  in 
IR  optics  have  been  developped.  The  fibers  operating  in  the  2  - 13  pm  range  have  been  tested  for  remote 
spectroscopy,  CO2  laser  power  delivery  and  pyrometry. 
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Nonlinear  optical  properties  of  glosses 

.1^ 

Tlie  1‘eX  glasses  have  vety  low  ban(f*edge  absoiption  enorgiei,  ooosequently,  they  hava 
extremely  polarizable  valence  electi:^  ofotids.  In  addition,  dite  to  tficit  latge  fttomte  masses,  dicir 
outer  electrons  have  lower  binding  energies  than  oxide  glasses.  iJoft  these  effects  combine  to 
suggest  a  vciy  large  non-linear  optical  (NI.-0)  coefficient,  including  a  veiy  large  electronic  Keir 
Effect. 

Cuoem  models  foe  mod^ds  suggest  that  the  electronic  Kerr  Effect  which  has  a 
cliHracleristic  time  inftc  fenitosM^d  r^e  controls  the  NLO  hehavior  of  glasses  at  wavelengths 
longer  tiian  twice  die  absorption  edge  wavelengdi  of  the  glass,  at  which  point  twophoten 
absorption  begins  to  dominate  NLO  behavior.  Therefore,  hit  order  to  measure  true  Kerr  Effect 
non-linearities,  it  is  necessary  tp  conduct  tests  at  wavejengttis  many  times  the  absoiption  edge 
wavelength. 

Tests  were  conducted  at  die  University  of  Florida  on  seyerd  TeX  glasses,  however,  data 
is  only  currently  available  on  sample  2  <^th  an  absoiption  edge  at  0-738 pin.  The  tests  were 
conducted  using  a  ccubon  dioxi^^  laser  with  li^  at  10.6|iin,  well  away  feom  any  multi-photon 
absoiption  process  in  this  glass.  Uicreforc,  the  (eats  meaBuiedthe  true  electronic  Kelt  Effect. 

TbetcatBctupwaadewgaed  . 
following  the  z-scan  melhod  of  Sheik-Bahae 
and  oo-workecs  [M.  Sheik-Bahfte,  A.  A.  Said, 

T-  H.  Wei,  D.  J.  Hagan  and  E.  W.  Van 
Siiyland,  IEEE  J,  Quant.  Electronics  2£,  760 
(1990)].  A  diagram  of  the  apparatus  is  shown. 

The  laser  beam  is  divided  into  two  equal 
beams,  one  for  lefeience  and  die  oUiar  fer  the 
measurement.  ITie  light  iBreni  (be  accoAd 
beam  i$  focused  by  a  lens  and  pai^cs  Ihiou^i 
the  sample  on  its  way  to  an  aperture  and  a 
detector.  As  die  sample  is  po^ffidned  along 
the  path  of  die  beam,  first  befete  die  focal, 
point,  then  past  the  focal  pointi  fte  refiacUve 
index  of  the  .sample  will  deflect  and  move  the  actual  focal  point,  thus  increasing  at  decreasing  the 
intensity  of  the  Hglrt  at  the  det^toi.  If  the  sample  has  a  negative  NLO  coefficient,  it  will  move 
the  focal  point  eloser  to  die  aperiure  wlien  located  before  the  focal  point  and  thus  increase  die 
inienshy.  As  die  sample  is  moved  through  die  fecal  point,  It  will  further  defocus  (he  beam 
reducing  the  mtensity.  Tlius,  the  iuUsnSUy  difference  for  a  negative  NLO  material  will  be  positive 
then  negat  ive.  By  symmetiy,  the  intensi^  difference  for  a  positive  NIX)  material  will  be  negative 
then  positive.  Of  course,  die  electronic  Kerr  Effect  will  create  a  poririve  NI.O  coefficient, 
therefore,  one  expects  that  the  K-scaa  data  wrill  be  negathrethen  positive.  Measurements  obtained 
on  sample!  2  arc  shown  in  the  aliaehed  Figure,  It  is  desf  from  the  data  dial  the  electronic  Kerr 
Effect  only  occurs  for  die  4,4  watt  beam  power.  At  higher  povv'crs  the  observed  nonluie^tily  is 
•wgatix-e,  ijidicating  lliatthe  effect  is  thennal.  In  this  case,  the  temperatute  depeiidcjicc  of  the 
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KLO  coefScient  is  negative*. 

Tim  data  can  be  used  lo  calculate  fine  NLO  coeflfioient  of  sample  2  ftom  ihc  equation: 


c»P  llffX  ATp.^ 
32.5  7i®4(l-e-^ 


esu 


where  0  =  speed  of  light  in  vacuum,  n<,  =  linear  reftactive  index,  and  is  the  maxinjura 

chajige  in  intensity  in  going  aorbss  the  focal  point.  The  intens)^  tenn  in  the  deomuinater  when 
applied  to  TeX  glasses  must  also  talco  into  account  the  luge  refl^ivlty  coefficients 
demonstrated  1^  these  meteiials.  A  pTeluniuaiy  calculatiwi  yields  a  NLO  coefficient  pf  about 
1x10  *  CBU  which  is  100,000  tilucs  lai^r  Oisn  CSj  or  the  hipest  tneasured  lead-bisntuth-gallate 
glass  to  date.  When  considCri^  tiie  Two-photon-Absoiption  model  of  SItolk-Bahae  and  oo- 
workers,  which  sliows  that  the  NLO  coeffiwent  will  scale  in  the  order  of  the  bandgap 
enetgy  to  tiie  4tli  power,  we  conipate  the  lead-bismuth  gallote  glasses  with  absorption  edges  at 
470  nm  witii  sample  2  having  an  edge  at  738  nm,  tiie  model  only  predicts  an  improvemwit  of  a 
tector  of  6  instead  of  the  large  figure  obtained  here.  Consequently,  other  mcchanisnts  arc 
contributing  to  the  added  nonlinearity,  iiiotudmg  the  non*oxide  euilon.  This  process  is  under 
hiithor  investigation,  as  is  the  tiienuBl  «>JiUibi(ti(m.  Other  TeX  glasses  will  be  studied. 
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ENCLOSURES 
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